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@ Display device and manufacture method for the same 

(§) A display device including a liquid crystal 
held between an active matrix substrate made 
up by arranging thin film transistors thereon, 
each using polycrystalline silicon as a semicon- 
ductor layer, in one-to-one relation to intersec- 
tions between a plurality of signal lines and a 
plurality of scan lines, and an opposite sub- 
strate opposed to the active matrix substrate, 
wherein the active matrix substrate includes a 
film having tensile stress disposed at least be- 
low or above the semiconductor layer. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a display device s 
using liquid crystals, and more particularly to a dis- 
play device using a substrate which includes thin film 
switching devices formed thereon, and a manufacture 
method for the display device. 

10 

Related Background Art 

In display devices using liquid crystals, there has 
recently been a demand for producing a finer display 
image. Particularly, the so-called active matrix type 15 
display panel using thin film switching devices to drive 
pixels is relatively easy to increase the number of pix- 
els and the number of gradation steps as compared 
with other types of liquid crystal display panels and, 
therefore, has achieved rapid technical development. 20 

In general, thin film switching devices used in the 
active matrix type display panel are formed of thin 
film transistors (TFTs) mainly made of amorphous sil- 
icon (a-Si) for large-sized panels of five or more in- 
ches, and mainly made of polysilicon (p-Si) for small- 25 
sized panels less than five inches. Fig. 10 schemati- 
cally shows a liquid crystal display panel using p- 
SiTFTs. A panel display circuit 305 including, as 
switching elements, p-SiTFTs arrayed in a matrix pat- 
tern is connected to a vertical shift register 303 and 30 
a horizontal shift register 304. TV video signals sup- 
plied from a video signal circuit 301 are written into 
pixels in the display circuit 305 through the vertical 
shift register 303 and the horizontal shift register 304. 
Denoted by 302 is a synch circuit for establishing the 35 
timed relationship between the two shift registers 
303 and 304. It is a recent tendency to form the shift 
registers 303, 304 of p-TFTs which are also integrated 
in the same panel. Fig. 30 shows a section of a p- 
SiTFT. Source and drain regions each consisted of an 40 
nMype diffusion layer 1403 and an n~-type diffusion 
layer 1407, for example, are formed in thin-film poly- 
silicon on a quartz or glass substrate 1 401 . A channel 
between the source and drain regions is on-off con- 
trolled by applying a voltage to a gate electrode 1406 45 
of polysilicon formed on both the regions with the in- 
tervention of a gate insulating film 1405. The n"-type 
diffusion layer 1407 is formed for the purpose of re- 
lieving the electric field just below the gate electrode, 
particularly, in the vicinity of the drain, and serves to so 
effectively improve the source-drain leak current and 
withstand voltage of the TFT. Denoted by 1408 is a 
source/drain electrode made of, e.g., aluminum, 1410 
is an interlayer insulating film made of, e.g., a silicon 
oxide film, and 1409 is a surface protection film made 55 
of, e.g., a silicon nitride film. An equivalent circuit of 
the foregoing liquid crystal panel is shown in Fig. 11. 
Pixel electrodes 406 are arranged in one-to-one rela- 



tion to intersections between a plurality of signal lines 
401 A to 401 D and a plurality of scan lines 402A to 
402D, and a TFT 403 is connected at its drain to each 
of the pixel electrodes 406. The signal fines 401 A to 
401 D are connected to respective sources of the TFTs 

403 for each column, and the scan lines 402A to 402D 
are connected to respective gates of the TFTs 403 for 
each row. Video signals supplied through the signal 
lines 401 A to 401 D are written into the pixel electro- 
des 106. The drain of each TFT 403 is also connected 
to one electrode of a hold capacity 404 for holding the 
written charge for a sufficiently long period of time. T 
he other electrode terminal 405 of the hold capacity 

404 is connected to a potential common to all the pix- 
els or the pixels for each row. 

From the necessity of writing charges into each 
pixel for several micron seconds, the TFT is required 
to operate at a high speed. Known techniques for pro- 
viding a p-Si thin film which can satisfactorily be used 
realize such a high-speed operation are as follows: 
(1 ) so-called long time annealing process wherein si- 
lane gas is decomposed by heat under reduced pres- 
sure to deposit p-Si which is then annealed for a long 
time at about 600 °C to develop grain-like p-Si on the 
order of several microns for increased carrier mobili- 
ty, and (2) so-called hydrogenating process wherein 
silane gas is decomposed by heat under reduced 
pressure to deposit p-Si on which a film containing a 
plenty of hydrogen (e.g., a nitride film formed by the 
plasma CVD process) is deposited, followed by heat 
treatment to couple the hydrogen in the film to traps 
in the polysilicon boundary for increased carrier mo- 
bility. 

However, the above conventional process have 
had the following technical problems to be solved. 
Specifically, since the long time annealing process of 

(1) requires a long time for processing, a throughput 
is reduced, which necessarily pushes up a cost in 
mass-production. For the hydrogenating process of 

(2) , by way of example, the plasma nitride film 1409 
used as the surface protection film, shown in Fig. 30, 
can be used as a supply source for hydrogen. After 
depositing the nitride film, heat treatment is per- 
formed in hydrogen gas for about 30 minutes at 450 
°C, for example, for diffusion of hydrogen. However, 
the carrier mobility of p-SiTFTs obtained by such a 
step is not sufficiently high and the rising character- 
istic of a current in the sub-threshold region is not sat- 
isfactory. Also, due to variations in the grain size of p- 
Si and changes in the process conditions, the carrier 
mobility and the rising characteristics are varied to a 
large extent, with a result of difficulty in producing p- 
SiTFTs which have sufficiently satisfactory charac- 
teristics. The use of unsatisfactory p-SiTFTs has 
raised characteristic limitations in making up circuits 
such as a shift register for driving pixels. 
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SUMMARY OF THE INVENTION 

A primary object of the present Invention is to pro- 
vide a display device which can display a finer image 
with the increased number of pixels by using p-SiTFTs 5 
that have sufficiently high carrier mobility and a good 
on/off characteristic. Another object of the present in- 
vention is to provide a display device which has a sta- 
ble membrane structure. Still another object of the 
present invention is to provide a transmission type liq- 10 
uid crystal display device which can display a finer im- 
age with the increased number of pixels. Still another 
object of the present invention is to provide a projec- 
tion or spectacle type liquid crystal display device 
which can utilize light at a high rate and can display 15 
a finer image with the increased number of pixels. 

To solve the technical problems explained above 
and to achieve the foregoing objects, the display de- 
vice of the present invention is arranged as follows. 
According to the present invention, in a display device 20 
including a liquid crystal held between an active ma- 
trix substrate made up by arranging thin film transis- 
tors thereon, each using polycrystailine silicon as a 
semiconductor layer, in one-to-one relation to inter- 
sections between a plurality of signal lines and a plur- 25 
ality of scan lines, and an opposite substrate opposed 
to the active matrix substrate, the active matrix sub- 
strate includes a film having tensile stress disposed 
at least below or above the semiconductor layer. The 
present invention also involves a manufacture meth- 30 
od for a display device. According to the present in- 
vention, in a manufacture method for a display device 
including a liquid crystal held between an active ma- 
trix substrate made up by arranging thin film transis- 
tors thereon, each using polycrystailine silicon as a 35 
semiconductor layer, in one-to-one relation to inter- 
sections between a plurality of signal lines and a plur- 
ality of scan lines, and an opposite substrate opposed 
to the active matrix substrate, the active matrix sub- 
strate is made up by arranging a film having tensile 40 
stress at least below or above the semiconductor lay- 
er. With the thus-arranged display device and manu- 
facture method of the present invention, the foregoing 
objects are achieved. 

The present invention involves various forms. 45 

In one form of the present invention, the film hav- 
ing tensile stress may be disposed below a wiring lay- 
er for making up the signal line or the scan line which 
is in the lowermost position with respect to a layer of 
the liquid crystal layer as a reference. 50 

In another form of the present invention, the poly- 
crystailine silicon semiconductor layer may be sand- 
wiched between a first film, having tensile stress, for 
suppressing diffusion of hydrogen and a second thin 
film for supplying hydrogen to the polycrystailine sil- 55 
icon. That is to say, the first film and the second film 
may be positioned one above the other with the inter- 
vention of the polycrystailine silicon therebetween. 



With such arrangements, since the active matrix 
substrate includes a first thin film for suppressing dif- 
fusion of hydrogen and a second thin film for supply- 
ing hydrogen to polycrystailine silicon, these first and 
second films being positioned one above the other 
with the intervention of polycrystailine silicon there- 
between, hydrogen to be coupled to silicon atoms in 
the polycrystailine silicon is supplied from one film, 
and the hydrogen once coupled to the silicon atoms 
is suppressed from diffusing by the otherf ilm. There- 
fore, hydrogen can remain stably in the polycrystai- 
line silicon. As a result, the mobility and rising char- 
acteristic of the polycrystailine silicon can be im- 
proved to hold down variations in device characteris- 
tics. Further, the display device of the present inven- 
tion can display a liquid crystal image in very high 
fineness. Additionally, due to a small leak current be- 
tween the source and the drain, the pixel electrode 
can hold charges for a longer time, which results in a 
display image having a good contrast ratio. 

The present invention involves the form in which 
the film having tensile stress is disposed in a partic- 
ular position as follows. In this form, the display de- 
vice includes a liquid crystal held between a semicon- 
ductor substrate, which has pixel electrodes ar- 
ranged in one-to-one relation to intersections be- 
tween a plurality of signal lines and a plurality of scan 
lines, has driving circuits provided in peripheral por- 
tions of the pixel electrodes for driving the respective 
pixel electrode, and is partly removed in portions be- 
low pixel display areas where the pixel electrodes are 
provided, allowing light to transmit through the semi- 
conductor substrate to enter the pixel display areas, 
and an opposite substrate opposed to the active ma- 
trix substrate, wherein a field oxide film is provided 
below each of the pixel display areas of the semicon- 
ductor substrate so as to extend toward the peripheral 
portion where the driving circuit is provided, the re- 
moved part of the semiconductor substrate is posi- 
tioned inwardly of a position at which the field oxide 
film terminates, and the film having tensile stress is 
disposed in the peripheral portion where the driving 
circuit is provided. With such arrangements, the 
mechanical strength is improved and a high-quality 
image can be displayed stably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 1B are schematic views showing 
one example of a semiconductor substrate in succes- 
sive steps which can be applied to the display device 
of the present invention. 

Figs. 2A and 2B are schematic views showing the 
one example of a semiconductor substrate in subse- 
quent successive steps which can be applied to the 
display device of the present invention. 

Fig. 3 is a schematic view showing the one exam- 
ple of a semiconductor substrate in a subsequent step 
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which can be applied to the display device of the pres- 
ent invention. 

Figs. 4A and 4B are schematic views showing an 
other example of a semiconductor substrate in suc- 
cessive steps which can be applied to the display de- s 
vice of the present invention. 

Figs. 5A and 5B are schematic views showing the 
other example of a semiconductor substrate in subse- 
quent successive steps which can be applied to the 
display device of the present invention. 10 

Fig. 6 is a schematic view showing the other ex- 
ample of a semiconductor substrate in a subsequent 
step which can be applied to the display device of the 
present invention. 

Fig. 7 is a schematic view showing the other ex- 15 
ample of a semiconductor substrate in a subsequent 
step which can be applied to the display device of the 
present invention. 

Fig. 8 is a schematic view showing one example 
of a TFT which can be applied to the display device 20 
of the present invention. 

Fig. 9 is a schematic view showing another exam- 
ple of a TFT which can be applied to the display device 
of the present invention. 

Fig. 1 0 is a schematic view showing one example 25 
of the display device of the present invention. 

Fig. 11 is a diagram showing one example of an 
equivalent circuit of the display device of the present 
invention. 

Fig. 1 2 is a schematic view showing one example 30 
of a pixel portion in the display device of the present 
invention. 

Fig. 13 is a schematic view showing one example 
of the display device of the present invention. 

Fig. 14 is a schematic view showing one example 35 
of an active matrix substrate which can be applied to 
the display device of the present invention. 

Fig. 15 is a schematic view showing another ex- 
ample of the display device of the present invention. 

Fig. 16 is a schematic view showing another ex- 40 
ample of an active matrix substrate which can be ap- 
plied to the display device of the present invention. 

Fig. 17 is a schematic view showing still another 
example of the display device of the present inven- 
tion. 45 

Fig. 18 is a schematic view showing another ex- 
ample of a TFT which can be applied to the display de- 
vice of the present invention. 

Fig. 19 is a schematic view showing still another 
example of a TFT which can be applied to the display so 
device of the present invention. 

Fig. 20 is a schematic view for explaining a film 
structure of an active matrix substrate which can be 
applied to the display device of the present invention. 

Fig. 21 is a schematic view showing still another ss 
example of a semiconductor substrate which can be 
applied to the display device of the present invention. 

Fig. 22 is a schematic view showing still another 



example of the display device of the present inven- 
tion. 

Fig. 23 is a diagram showing one example of an 
equivalent circuit of the display device of the present 
invention. 

Fig. 24 is a schematic view showing one example 
of a pixel portion in the display device of the present 
invention. 

Fig. 25 is a schematic view showing still another 
example of a semiconductor substrate which can be 
applied to the display device of the present invention. 

Fig. 26 is a schematic view showing still another 
example of a semiconductor substrate which can be 
applied to the display device of the present invention. 

Fig. 27 is a plan view of Fig. 26. 

Fig. 28 is a schematic view showing still another 
example of a semiconductor substrate which can be 
applied to the display device of the present invention. 

Fig. 29 is a schematic view showing still another 
example of a semiconductor substrate which can be 
applied to the display device of the present invention. 

Fig. 30 is a schematic view showing one example 
of a structure of a prior art TFT. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The display device of the present invention can 
be applied to various liquid crystal display devices 
such as of transmission, reflection, projection and 
spectacle types. 

In the display device of the present invention, an 
active matrix substrate includes a first thin film for 
suppressing diffusion of hydrogen and a second thin 
film for supplying hydrogen to polycrystalline silicon, 
these first and second films being able to position one 
above the other with the intervention of polycrystal- 
line silicon therebetween. With this arrangement, hy- 
drogen to be coupled to silicon atoms in the polycrys- 
talline silicon is supplied from one film, and the hydro- 
gen once coupled to the silicon atoms is suppressed 
from diffusing by the otherf ilm. Therefore, hydrogen 
can remain stably in the polycrystalline silicon. As a 
result, the mobility and rising characteristic of the 
polycrystalline silicon can be improved to hold down 
variations in device characteristics. 

In a preferred embodiment, the first and second 
films may be each formed of silicon nitride. By using 
a silicon nitride film formed by the plasma CVD proc- 
ess as the film for supplying hydrogen and a silicon 
nitride film formed by the reduced-pressure CVD 
process as the film for suppressing diffusion of hy- 
drogen, for example, a very effective improvement 
can be achieved while using conventional semicon- 
ductor materials. 

In a preferred embodiment, the first film may be 
formed of a film developing tensile stress for silicon, 
and the second film may be formed of a film devel- 



4 



7 



EP 0 689 085 A2 



8 



oping compressive stress for silicon. In a transmis- 
sion type liquid crystal display panel using a mem- 
brane structure, for example, by using a silicon nitride 
film formed by the reduced-pressure CVD process so 
that the compressive stress attributable to a silicon s 
nitride film formed by the plasma CVD process or any 
other film (such as a silicon oxide film) is cancelled 
out, wrinkles and stacks of the membrane can be sup- 
pressed and, hence, superior characteristics of a TFT 
can be maintained. w 

In a preferred embodiment, the active matrix sub- 
strate may be formed of a glass or quartz substrate. 
Also, in a preferred embodiment, the active matrix 
substrate may be formed of a single crystal silicon 
substrate. In the latter case, by integrating both 15 
switching devices formed of single crystal silicon and 
pixel switching TFTs formed of poiycrystailine on the 
substrate, the TFTs having better characteristics than 
conventional can be installed in a liquid crystal dis- 
play panel with high-speed driving circuits. As a re- 20 
suit, the panel can display an image at a higher de- 
gree of fineness. 

In a preferred embodiment, part of a single crys- 
tal silicon substrate may be removed to provide a light 
transmissive substrate for application to a transmis- 25 
sion type panel. 

In a preferred embodiment, the active matrix sub- 
strate may be one including a scanning circuit at least 
part of which is made up by switching devices formed 
of single crystal silicon. In this case, by integrating 30 
both driving circuits formed of bulk silicon and pixel 
switching TFTs formed of poiycrystailine on the sub- 
strate, a liquid crystal display panel with high-speed 
driving circuits can be provided. 

In a preferred embodiment, the first and second 35 
films may be formed as ones substantially meeting 
the relationships below on an assumption that the 
first and second films have optical refractive indexes 
n 1t n 2 and thicknesses d 1t d 2 , respectively, and the 
wavelength of light is X: 40 

njdj = Ni X72 
n 2 d 2 = N 2 M2 
(where Ni and N 2 are both natural numbers, not 0) By 
employing the first and second films meeting the 
above relationships, reflection of visible light entering 45 
a pixel region from the boundary surfaces between 
the first film and the other films vertically adjacent 
thereto is sufficiently suppressed. As a result, the 
light transmissivity of the panel is improved. 

The present invention will be described below in 50 
detail in connection with preferred embodiments. 

(Embodiment 1) 

A first embodiment will be described with refer- 55 
ence to Figs. 1Ato 3. In Figs. 1A to 3, denoted by 101 
is a support base being of, e.g., a silicon substrate. 
The support base 101 serves as a base of a semicon- 



ductor substrate for holding a liquid crystal between 
itself and an opposite substrate. 102 is a silicon nitr- 
ide film formed on the support base 101 by the re- 
duced-pressure CVD process, the film 102 having 
tensile stress. After forming an oxide film 1 03 on the 
silicon nitride film 102, a poiysilicon layer 104 is de- 
posited and then thermally oxidized to form a gate in- 
sulating film 105. Further, poiysilicon is deposited on 
the gate insulating film 105 to form a gate 106, and 
ions are implanted to the poiysilicon layer 104 to form 
a source 108 and a drain 107. In this embodiment, to 
increase the source - drain withstand voltage and to 
reduce the leak current, the source 108 and the drain 
1 07 are formed by using masks positioned to provide 
such an offset that the source and the drain are 
spaced from the gate electrode. Then, a low-concen- 
tration electric field relieving layer 109 is formed by 
implanting ions in a low concentration to the poiysili- 
con layer 104 with self-alignment using the gate. 
Next, after depositing a PSG (Phospho-Silicate 
Glass) 110, a silicon nitride film 111 is deposited 
thereon by the plasma CVD process. Subsequently, 
contacts 112 and then metal wirings 113, 114 are 
formed so that transistor electrodes are wired forfur- 
ther electrical connection. As a result of the foregoing 
steps, the substrate of the structure shown in Fig. 3 
is obtained. After that, additional upper layers are 
formed depending on functions of the display device 
to be manufactured. More specifically, on the sub- 
strate shown in Fig. 3, a pixel electrode connected to 
the drain of the transistor, a signal line connected to 
the source of the transistor, a scan line connected to 
the gate of the transistor, an orienting film, and so on 
are formed to provide a semiconductor substrate 
which holds a liquid crystal layer between itself and 
an opposite substrate. In this semiconductor sub- 
strate, a film having tensile stress, i.e., the silicon 
nitride film 111 formed by the plasma CVD process, 
is disposed below a wiring layer for making up the sig- 
nal line or the scan line which is in the lowermost pos- 
ition with respect to the liquid crystal layer as a refer- 
ence. Implantation of hydrogen atoms into poiysilicon 
is effective to improve characteristics of a poiysilicon 
transistor in points of reducing an off-current and in- 
creasing an on-current. In this embodiment, hydrogen 
atoms are diffused by annealing from the silicon nitr- 
ide film 111 formed by the plasma CVD process into 
the poiysilicon layer 104 for improving characteristics 
of the transistor. The annealing is advantageously 
performed at 350 °C to 550 °C for a period of about 
1 0 minutes to 5 hours, but it may be performed, for ex- 
ample, at 450 °C for a period of about 30 minutes. As 
an alternative, the annealing may be performed by 
utilizing the heat history applied in any other suitable 
step. Carrying out the annealing in a further pro- 
longed time is effective for further improvement. The 
annealing step can be made at any time after the sil- 
icon nitride film 111 has been formed. In this respect, 



5 



9 EPO 

it is desired to perform the annealing at the time at 
which other processes are not adversely affected. 
While the silicon nitride film 111 formed by the plasma 
CVD process is deposited on the PSG film 110 in this 
embodiment, it may be deposited anywhere so long 
as hydrogen can be diffused into the poiysilicon layer 
1 04. For example, the PSG film 110 may be replaced 
by the silicon nitride film 111. With this embodiment, 
since the silicon nitride film 102 formed by the re- 
duced-pressure CVD process lies under the poiysili- 
con layer 104, it serves to prevent hydrogen from dif- 
fusing downward from the poiysilicon layer 104, ena- 
bling hydrogen atoms to be efficiently implanted into 
the poiysilicon layer 104. As a result, a thin f ilm tran- 
sistor having a small off-current and a large on-cur- 
rent can be realized. When the semiconductor sub- 
strate thus produced is applied to a liquid crystal dis- 
play device, the number of pixels can be increased to 
achieve a finer pixel array of the panel because of a 
reduction in the size of each transistor, and the con- 
trast ratio and the number of gradation steps can be 
increased because of a reduction in the off-current. 

The present invention is also applicable to liquid 
crystal display panels of the simple matrix type in ad- 
dition to liquid crystal display panels of the so-called 
active matrix type using TFTs. Liquid crystal display 
panels of the simple matrix type include, for example, 
ones using a ferroelectric liquid crystal as the liquid 
crystal, and using MIM devices or PN junction devices 
as the pixel portions. 

(Embodiment 2) 

A second embodiment will be described with ref- 
erence to Figs. 4A to 7. In this embodiment, the pres- 
ent invention is applied to a transmission type liquid 
crystal display device. A support base 201 is formed 
of, e.g., a silicon substrate. Afterforming an oxide film 
202 by thermal oxidation, a silicon nitride film 203 is 
formed by the reduced-pressure CVD process and a 
PSG film 204 is then deposited on the silicon nitride 
film 203, resulting in a structure shown in Fig. 4B. 
Subsequently, a transistor is formed thereon by sim- 
ilarsteps in the above Embodiment 1 . Denoted by 205 
is a poiysilicon layer, 206 is a gate insulating film, 207 
is a gate electrode, 208 is a source, 209 is a drain, 210 
is a low-concentration electric field relieving layer, 
211 is a PSG film, 212 is a contact, and 213, 214 are 
metal wirings. Further, afterforming an insulating film 
215, a metal film 216 is formed. The metal film 216 is 
only required to be able to conduct electricity and 
shield light, and it can be formed of such a material as 
Ti, TIN or Al, for example. Subsequently, a silicon nitr- 
ide film 217 is formed by the plasma CVD process. 
The substrate is then subjected to annealing so that 
hydrogen atoms are diffused from the silicon nitride 
film 217 formed by the plasma CVD process into the 
poiysilicon layer 205 to improve characteristics of the 
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transistor. After boring a through-hole 218, a pixel 
electrode 219 for applying a voltage to the liquid crys- 
tal is formed to be connected with the wiring 214. In 
this embodiment, the pixel electrode 219 is a trans- 

5 parent electrode and is formed of ITO. The metal film 
216 is fixedly held at the peripheral potential of a dis- 
play area and serves to establish a capacity between 
itself and the pixel electrode219forstabilizinga pixel 
electrode potential. Since the nitride film 217 is inter- 
to posed between the pixel electrode 21 9 and the metal 
film 216, this embodiment has a merit of providing the 
larger capacity therebetween than the case of using 
an oxide film. However, the nitride film 217 may be 
replaced by any other suitable insulating film layer. 

15 Though not shown, a poiyimide film is formed there- 
on, followed by rubbing to obtain a semiconductor 
substrate as one of paired substrates of a liquid crys- 
tal display device. A liquid crystal is sandwiched be- 
tween the thus-obtained semiconductor substrate 

20 and an opposite substrate, thereby completing the 
liquid crystal display device. The opposite substrate 
comprises a support base, transparent electrodes, 
and a poiyimide film subjected to rubbing. By arrang- 
ing a color filter in the opposite substrate or on the 

25 semiconductor substrate including the pixel electro- 
des, a liquid crystal display device adapted for color 
display can be obtained. Further, the rear surface of 
the substrate 201 is partly etched so that the pixel dis- 
play area is made transparent (as indicated by 220) 

30 to provide a transmission type display device. At this 
time, the oxide film 202 serves as an etching stop. 
When the substrate is partly thinned by etching the 
rear surface like in this embodiment, balance of 
stresses developed in the films of the thinned portion 

35 is important. If there exists stress acting in the direc- 
tion to contract a film, this gives rise to a problem of 
causing wrinkles in the film. Conversely, if the tension 
of a film is too strong, this gives rise to a problem of 
tearing the film. One of materials causing tensile 

40 stress therein is a silicon nitride film formed by the re- 
duced-pressure CVD process. However, if such a sil- 
icon nitride film formed by the reduced-pressure CVD 
process exists between the poiysilicon layer 205 and 
the silicon nitride film 217 formed by the plasma CVD 

45 process, it would prevent diffusion of hydrogen atoms 
into the poiysilicon layer 205 during the annealing, re- 
sulting in a disadvantage of no improvement in char- 
acteristics of the transistor. Therefore, the foregoing 
structure of the substrate according to this embodi- 

50 ment is advantageous for effective diffusion of hydro- 
gen atoms. Fine adjustment of stresses in the films 
as required when partly thinning the substrate may be 
performed by setting initial design values such that 
the films slack slightly, and then etching the oxide 

55 film 202 by fluoric acid or the like. By forming driving 
circuits in areas where the substrate 201 is not thin- 
ned, though not shown, the driving circuits and the 
display areas can be both formed in an on-chip ar- 
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rangement. The driving circuits can be of a singie 
MOS structure or a CMOS structure. Alternatively, 
the driving circuits may be formed of polysiiicon. It is 
possible to reduce the number of masks and simplify 
the manufacture steps by simultaneously carrying s 
out some of the processes necessary to form the driv- 
ing circuits and some of the processes necessary to 
form the display areas which can be made in com- 
mon. 

With the display device thus manufactured, since w 
the on-current of each transistor is increased, the 
transistor size can be reduced and, hence, the num- 
ber of pixels can be increased to achieve a finer pixel 
array of the panel. Furthermore, because of a reduc- 
tion in the off-current, the contrast ratio and the num- 15 
ber of gradation steps can be increased. 

While a silicon substrate is used as the support 
base in this embodiment, a transparent substrate 
such as a glass substrate may be used as the support 
base so that a liquid crystal display device may be 20 
manufactured without thinning the substrate in the 
display areas. In this case, a liquid crystal display de- 
vice capable of displaying an image with a higher de- 
gree of fineness, the increased number of gradation 
steps, and a higher contrast ratio can also be provid- 25 
ed because of improved transistor characteristics. 

While this embodiment is described in connec- 
tion with the transmission type liquid crystal display 
device, the present invention is also applicable to a re- 
flection type liquid crystal display device. The reflec- 30 
tion type is advantageous in obtaining a higher open- 
ing rate. Also, the silicon nitride film formed by the re- 
duced-pressure CVD process provides a film having 
tensile stress in this embodiment. Besides the silicon 
nitride film, any other kind of film having tensile 35 
stress, such as a SiON film containing oxygen atoms 
or a laminated film of a SiON film and a silicon nitride 
film, can also be applied to the display device of the 
present invention. 

Thus, according to this embodiment, the liquid 40 
crystal display device can be manufactured by the 
use of a semiconductor substrate including transis- 
tors of which on/off characteristics are efficiently im- 
proved by annealing. When this embodiment is ap- 
plied to a transmission type display device using a 45 
support base which is made transparent by etching, 
it is possible to provide the display device in which 
films in etched portions are under proper tension and 
switching transistors have improved on/off character- 
istics. As a result, the liquid crystal display device ca- 50 
pable of displaying an image with a higher degree of 
fineness, the increased number of gradation steps, 
and a higher contrast ratio can also be provided. 

(Embodiment 3) 55 

Fig. 8 is a schematic sectional view of an n + p- 
SiTFT which can be employed in the display device of 



the present invention. Referring to Fig. 8, a silicon 
nitride film 102 is coated on a semiconductor or 
quartz substrate 101, and a channel, a source and a 
drain of the TFT are formed on the silicon nitride film 
102. Denoted by reference numeral 103 is a high- 
concentration source/drain and 107 is a low-concen- 
tration source/drain for relieving an electric field. 105 
is a gate insulating film formed of, e.g., a silicon nitr- 
ide film, and 106 is polycrystalline silicon doped into 
n-type, for example. The so-called dual gate TFT hav- 
ing two gate electrodes at the same potential ar- 
ranged in series between the source and the drain is 
thereby made up. 106* is an interlayer insulating film 
formed of, e.g., PSG (Phospho-Silicate Glass), and 
1 08 is a source/drain electrode formed of, e.g., alumi- 
num. 109 is a hydrogen supply source for hydrogen- 
ation which is formed of, e.g., a silicon nitride film. In 
this embodiment, the silicon nitride film 109 doubles 
as a surface protection film for preventing intrusion 
of moisture and impurities from the outside to thereby 
ensure reliability of the TFT. To accelerate hydrogen- 
ation, the silicon nitride film 1 02 is formed by the ther- 
mal CVD process in which silane gas is thermally de- 
composed under reduced pressure at a temperature 
of 600 to 900 °C. The silicon nitride film 109 as a hy- 
drogen supply source is formed by exciting a gas mix- 
ture of silane gas and ammonia gas or silane gas and 
N 2 0 (laughing gas) under reduced pressure at a tem- 
perature of 200 to 400 °C for decomposition and de- 
position thereof in plasma. It is important for the inter- 
layer insulating film 106' to allow high-speed diffu- 
sion of hydrogen. Hydrogenation of polycrystalline 
silicon is progressed to some extent during deposition 
of the silicon nitride film 109. To achieve sufficient hy- 
drogenation, however, it is preferable to perform heat 
treatment in hydrogen gas or a gas mixture of hydro- 
gen gas and inert gas such as nitrogen gas at a tem- 
perature of 350 to 500 °C for 10 to 120 minutes after 
the deposition. An upper limit of the treatment tem- 
perature is determined depending on the melting 
point of the aluminum electrodes or the temperature 
causing a separating action of hydrogen. In the case 
of using aluminum, the heat treatment at a tempera- 
ture not lower than 500 °C is not desired. The hydro- 
genating effect is also rather abated at a temperature 
not lower than 500 °C. This is because the hydrogen 
once taken into the grain boundary of polycrystalline 
silicon separates again therefrom at such a tempera- 
ture. 

The TFT shown in Fig. 8 is manufactured as fol- 
lows. First, silane gas and ammonia gas are reacted 
with each other under reduced pressure of 1 mm to 
760 mm Torr to deposit the silicon nitride film 1 02 with 
a thickness of 100 to 400 nm on an oxidized surface 
of the silicon (or quartz) substrate 101. Next, silane 
gas diluted by nitrogen is thermally decomposed un- 
der pressure of 0.1 to 1 .0 Torr at 600 to 700 °C to de- 
posit a polycrystalline silicon film with a thickness of 
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50 to 400 run, which is then patterned to form regions 
for the source/drain 103. This process is effective not 
only to reduce parasitic resistance of the source/drain 
regions, but also to prevent a second-layer polycrys- 
talline silicon 104 from being lost by overetching when 5 
source/drain contact holes are etched. An additional 
silicon nitride film of about 10 to 200 nm may be 
formed on the silicon nitride film 102 so that the un- 
derlying silicon nitride 102 will not be etched during 
patterning of the first-layer polycrystaliine silicon. 10 
Subsequently, after removing a naturally formed ox- 
ide film on the surface, the second-layer polycrystal- 
iine silicon 1 04 is deposited in a thickness of 50 to 200 
nm by the reduced-pressure CVD process. It is de- 
sired that the thickness of the polycrystaliine silicon 15 
is as thin as possible, because a leak current of the 
TFT is reduced correspondingly. In this embodiment, 
the thickness of the deposited polycrystaliine silicon 
film was set to 80 nm, taking into account a subse- 
quent step of forming a thermal oxide film with a thick- 20 
ness of 80 nm at 1150 °C and variations process by 
process. The gate oxide film may also be of an ONO 
(Oxidized-Nitrided Oxide) film obtained by forming an 
oxide film and then nitriding and oxidizing it succes- 
sively. After forming the gate oxide film, polycrystal- 25 
line silicon becoming the gate electrode is deposited 
in a thickness of 100 to 500 nm, followed by high- 
concentration doping and patterning to form the gate 
electrode 106. While phosphor ions were doped in a 
gas phase for doping of the gate electrode 106 in this 30 
embodiment, any other suitable known technique of 
implanting or doping arsenic or phosphor ions may be 
used instead. Subsequently, by using silane gas, oxy- 
gen gas and PH 3 (phosphine) as material gases, the 
interlayer insulating layer 1 06 of a PSG film is depos- 35 
ited in a thickness of 100 to 500 nm by the CVD proc- 
ess. The interlayer insulating layer 106 may be 
formed of, e.g., NSG (Non-Doped Silicate Glass) or 
BPSG (Boron-Phospho Silicate Glass). After boring 
contact holes, aluminum doped with silicon of 0.5 to 40 
2.0 % is deposited in a thickness of 1 00 to 600 nm by 
the magnetron sputtering process. Usable as elec- 
trode materials are general materials used in common 
semiconductor and TFT processes, for example, an- 
other kind of Al alloy, W, Ta, Ti, Cu, Cr, Mo, or silicide 45 
thereof. The deposited electrode material is pat- 
terned to form the source/drain electrodes 108. After 
that, a gas mixture of silane gas and N 2 0 gas is de- 
composed in plasma at 200 to 400 °C to deposit the 
silicon nitride film 109 of 600 nm. Then, heat treat- 50 
ment is performed in hydrogen gas at 450 °C for 30 
minutes. The TFT thus formed is applied to a liquid 
crystal display panel. 

Fig. 10 schematically shows the liquid crystal dis- 
play panel of this embodiment A panel display circuit 55 
305 including, as switching elements, p-SiTFTs ar- 
rayed in a matrix pattern is connected to a vertical 
shift register 303 and a horizontal shift register 304. 



TV video signals supplied from a video signal circuit 
301 are written into pixels in the display circuit 305 
through the vertical shift register 303 and the horizon- 
tal shift register 304. Denoted by 302 is a synch circuit 
for establishing the timed relationship between the 
two shift registers 303 and 304. 

An equivalent circuit of the liquid crystal panel is 
shown in Fig. 11. Pixel electrodes 406 are arranged 
in one-to-one relation to intersections between a plur- 
ality of signal lines 401 A to 401 D and a plurality of 
scan lines 402A to 402D, and a TFT 403 is connected 
at its drain to each of the pixel electrodes 406. The 
signal lines 401 Ato 401 D are connected to respective 
sources of the TFTs 403 for each column, and the 
scan lines 402A to 402D are connected to respective 
gates of the TFTs 403 for each row. Video signals sup- 
plied through the signal lines 401 Ato 401 D are written 
into the pixel electrodes 106. The drain of each TFT 
403 is also connected to one electrode of a hold ca- 
pacity 404 for holding the written charge for a suffi- 
ciently long period of time. The other electrode termi- 
nal 405 of the hold capacity 404 is connected to a po- 
tential common to all the pixels or the pixels for each 
row. 

Fig. 12 schematically shows a plan structure of 
the pixel portion. One pixel is surrounded by two sig- 
nal lines 501 A, 50 1B adjacent to each other and two 
scan lines 502A, 502B adjacent to each other. The 
source of the TFT formed of a polycrystaliine silicon 
film 503 is connected to the signal line 501 A through 
a contact hole 504 for writing signal charges into the 
drain of the TFT through the two gates. 505 is a con- 
tact for interconnecting the TFT and a metal electrode 

506, and the metal electrode 506 is connected to a 
transparent pixel electrode 508 via a through-hole 

507. In Fig. 12, 509 is an opening in a light shielding 
film which prevents unwanted light from entering the 
TFT. 

Fig. 13 is a sectional view taken along line 13-13 
in Fig. 12. Referring to Fig. 13, a silicon nitride film 
102 is coated on the silicon or quartz substrate 101. 
A silicon oxide film 202 of 10 to 100 nm is formed on 
the silicon nitride film 102 to separate the TFT from 
the silicon nitride film 102. The TFT has low-concen- 
tration n-type layers 107 for relieving an electric field 
and a high-concentration source/drain 103 which are 
in opposite relation to two polysilicon gate electrodes 
106 with the intervention of a gate oxide film 105 
therebetween. The source and drain electrodes 108 
each comprise a laminated film of an Al film 108Aand 
a Ti film 108B for easier ohmic connection to a pixel 
electrode 603. A light shielding film 602 is formed of, 
e.g., a TiN film and is separated from the source and 
drain electrodes with the intervention of, e.g., a PSG 
film 601 therebetween and from the TFT with the in- 
tervention of, e.g., a BPSG film 106" therebetween. 
In this embodiment, a plasma nitride film 109 for hy- 
drogenation is disposed between the light shielding 
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film 602 and the pixel electrode 603. This is because 
of the necessity of using a film having a relative di- 
electric constant as great as possible to establish a 
hold capacity between the pixel electrode 603 and 
the light shielding film 602. Thus, the hydrogenating 
effect can also sufficiently be achieved with the plas- 
ma nitride film disposed above the light shielding film. 
It is needless to say that the PSG film 601 may be re- 
placed by a nitride film for hydrogenation. 610 is an 
orienting film formed of, e.g., a PIQ film for orienting 
a liquid crystal. An active matrix substrate is made up 
by the above-mentioned components starting from 
the substrate 101 and ending at the orienting film 610 
shown in Fig. 13. ATN liquid crystal 611 is held be- 
tween the active matrix substrate and an opposite 
substrate 621 on an undersurface of which an orient- 
ing film 626, a protection film 625 and a transparent 
electrode 624 are provided as shown. Further, a color 
filter 623 formed of pigments, for example, is dis- 
posed corresponding to an opening in the light shield- 
ing film 602, and a black matrix 622 formed of Cr, for 
example, is disposed corresponding to the remaining 
portion of the light shielding film 602. 

With the liquid crystal display panel thus manu- 
factured, the panel was able to display a finer liquid 
crystal image with pixel size not larger than 20 \xm 
square. Also, a reduction in the source - drain leak 
current realized the panel having a prolonged charge 
hold time of the pixel electrode and a good contrast 
ratio. Furthermore, the number of defects such as 
white or black dots was small and the production yield 
was increased remarkably. These advantages are at- 
tributable to the following features of the TFT ex- 
plained above: i.e., i) because of accelerated hydro- 
genation of polycrystalline silicon, carrier mobility of 
the TFT was increased 1.2 to 2 times that in the prior 
art and variations in the mobility were reduced down 
to a half or less of those in the prior art, resulting in 
the TFT adaptable for higher-speed operation with 
the same TFT size, and ii) the source - drain leak cur- 
rent of the TFT was reduced down to 1/1 00 or less of 
that in the prior art, and those TFTs causing an abrupt 
increase in the leak current were produced in no way. 

(Embodiment 4) 

Fig. 9 is a schematic sectional view of the so-cal- 
led bottom gate TFT having channel polysilicon posi- 
tioned above a gate electrode, which TFT can be ap- 
plied to the display device of the present invention. A 
silicon nitride film 102 is coated on a semiconductor, 
quartz or glass substrate 101, and a silicon oxide film 
202 as an etching stop is formed on the silicon nitride 
film 102. As with the above Embodiment 1, the TFT 
may have a structure having no silicon oxide film 202. 
106 is a gate electrode of the TFT formed of, e.g., n + - 
type polycrystalline silicon. Of course, such a metal 
as Al, Cr, Ta, TaN or Ti can also be used as the gate 



electrode. 105 is a gate insulating film formed of, e.g., 
a silicon oxide film, and 201 is a channel portion 
formed of polycrystalline silicon. The channel portion 
201 may be formed of an AI203 film, a SiN film, or a 

5 laminated film thereof. 107 is an n-type electric field 
relieving region of low concentration and 103 is a 
source/drain region of high concentration. Of course, 
the TFT may be of p-type. 106" is an interlayer insu- 
lating film formed of, e.g., BPS6 and 108 is a metal 

10 electrode for the source/drain. 104 is polysilicon and 
109 is a silicon nitride film. 

As with the Embodiment 3, the two silicon nitride 
films 1 09 and 102 serve respectively to supply hydro- 
gen and prevent diffusion of hydrogen. As explained 

15 in connection with the Embodiment 3, it is desired that 
at least one of the two silicon nitride films is a film 
formed by the plasma CVD process, which is effec- 
tive as a supply source for hydrogen. On the other 
hand, the film for effectively preventing diffusion of 

20 hydrogen is advantageously a silicon nitride film 
formed by the reduced-pressure CVD process or the 
thermal CVD process. 

As a result of manufacturing a liquid crystal dis- 
play panel similar to that of the Embodiment 3 by us- 

25 ing the TFT structure of this embodiment, the same 
advantages as in the Embodiment 3 were confirmed. 
Additional advantages below were also confirmed in 
this embodiment. The silicon nitride film formed by 
the plasma CVD process, which is effective as a sup- 

30 ply source for hydrogen, can double as a surface pro- 
tection film. Also, since the channel portion is close 
to the silicon nitride film formed by the plasma CVD 
process, the hydrogenating effect can be enhanced 
and matching between the manufacture processes 

35 can be improved. 

(Embodiment 5) 

Fig. 1 8 is a schematic view of a TFT which can be 

40 applied to the display device of the present invention. 
In this embodiment, a hydrogen supply source for hy- 
drogenation is disposed below a metal electrode. 
This TFT has the same sectional structure as in the 
above Embodiment 3. Accordingly, a substrate 101, 

45 a silicon nitride film 102, a high-concentration 
source/drain region 103, an electric field relieving re- 
gion 107, a gate electrode 106, a gate insulating film 
105, a source/drain metal electrode 108, etc. can be 
formed by using the materials and the processes de- 

so scribed above in connection with the Embodiment 3. 
This embodiment is different from the Embodi- 
ment 3 in that an interlayer insulating film 1106 be- 
tween the gate electrode and the Al metal electrode 
is used as a supply source for hydrogen. By way of ex- 

55 ample, the interlayer insulating film 1 1 06 was formed 
of a silicon nitride film formed by the plasma CVD 
process and having a thickness of 800 nm in this em- 
bodiment This thickness was determined in consid- 
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eration of the parasitic capacity between wirings and 
a probable incidence of short-circuit failures, and can 
be changed with a certain degree of freedom. The 
film having a thickness not less than 10 nm can suf- 
ficiently function as the supply source for hydrogen. 5 
When aluminum is used for the electrode and a suf- 
ficient selection ratio is not provided in patterning, an 
etching stop layer, e.g., a silicon oxide film, having a 
thickness not less than 50 nm may be formed on the 
silicon nitride film (PCVD). Additionally, 1 09 is a sur- w 
face protection film formed of PSG, BPSG, SiON or 
NSG, as well as a silicon nitride film formed by the 
plasma CVD process. 

As a result of manufacturing a liquid crystal dis- 
play panel similar to that of the Embodiment 3 by us- 15 
ing the TFT structure of this embodiment, the same 
advantages as in the Embodiment 3 were confirmed. 
Furthermore, in this embodiment, the hydrogenating 
effect was developed remarkably because of the TFT 
being almost completely covered by the supply 20 
source for hydrogen and the layer for preventing dif- 
fusion of hydrogen. Also, characteristics of the TFT 
used in this embodiment were very stable even with 
long-time heat treatment for hydrogenation. 

25 

(Embodiment 6) 

Fig. 1 9 is a schematic view of a TFT which can be 
applied to the display device of the present invention. 
In this embodiment, a supply source for hydrogen or 30 
a film for preventing diffusion of hydrogen is used as 
a gate insulating film. This TFT has the same section- 
al structure as in the above Embodiment 3. Accord- 
ingly, a substrate 101, a silicon nitride film 102, a 
high-concentration source/drain region 103, an elec- 35 
trie field relieving region 107, a gate electrode 106, a 
interlayer insulating film 106', a source/drain metal 
electrode 108, etc. can be formed by using the mate- 
rials and the processes described above in connec- 
tion with the Embodiment 3. As described before in 40 
connection with the Embodiment 3, a gate insulating 
film 1105 may be formed of an ONO film. In this em- 
bodiment, 102 was formed of a silicon nitride film by 
the thermal CVD process, and the gate insulating film 
was formed of a silicon nitridefilm by the plasma CVD 45 
process. A thickness of the gate insulating film is pre- 
ferably in the range of 1 0 nm to 200 nm. By way of ex- 
ample, 150 nm was selected for matching with thresh- 
old values of the TFT. As an alternative, the gate in- 
sulating film may be of a laminated film of a silicon so 
nitridefilm and a silicon oxide film. Particularly, when 
polycrystalline silicon is used as the gate electrode 
106, a thin silicon oxide film, for example, is prefer- 
ably provided as an etching stop during the patterning 
just below the gate electrode. 55 

The structure of this embodiment is applicable to 
a P-channel TFT, an N-channel TFT, and a bottom 
gate TFT like the Embodiment 2. 
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As a result of manufacturing a liquid crystal dis- 
play panel similar to that of the Embodiment 3 by us- 
ing the TFT structure of this embodiment, the same 
advantages as in the Embodiment 3 were confirmed. 
Furthermore, in this embodiment, the hydrogenating 
effect was developed remarkably because of the TFT 
being almost completely covered by the supply 
source for hydrogen and the layer for preventing dif- 
fusion of hydrogen. Also, no need of using a nitride 
film having a high dielectric constant as the interlayer 
insulating film enables the circuitto be driven at a high 
speed. 

(Embodiment 7) 

A seventh embodiment will be described with ref- 
erence to Fig. 14. Fig. 14 is a sectional view of an ac- 
tive matrix substrate (TFT substrate) of a transmis- 
sion type liquid crystal display device in which the 
TFT shown in the Embodiment 3 is used as a pixel 
driving switch, and a signal line driving circuit and a 
scan line driving circuit, including a shift register, are 
integrated in bulk silicon. The circuit in the bulk silicon 
is of a CMOS structure, but not limited to the illustrat- 
ed structure. Referring to Fig. 14, 701 is a silicon sub- 
strate, 702 is a thick oxide film for device separation, 
703Ais a low-concentration source/drain of an NMOS 
transistor, and 703B is a high-concentration 
source/drain of the NMOS transistor. 704 is a p-type 
well of the NMOS transistor, 705 is a gate oxide film, 
706 is a polysilicon gate electrode, and 708 is a 
source/drain electrode. 710Ais a low-concentration 
source/drain of a PMOS transistor, 71 0B is a high- 
concentration source/drain, and 712 is an oxide film 
on the rear surface of the substrate. The TFT portion 
has the same structure as shown in Fig. 13 and will 
not be hence described here. To construct a transmis- 
sion type display panel, the substrate silicon is re- 
moved in the TFT portion. 711 is an etching end which 
defines the size of a display area. The oxide film 712 
serves as an etching mask used when removing the 
substrate silicon. The portion below the thick oxide 
film 702 is etched away. 

Fig. 15 shows a section of the liquid crystal dis- 
play device in which the TFT substrate of Fig. 14 is 
mounted. In Fig. 15, 720 is a support comprising sub- 
strate silicon, and 721 is a transparent area where the 
substrate silicon is etched away and which becomes 
a display area of the panel. 722 is TFT, and 725 is a 
portion connecting a pixel electrode 603 with the TFT. 
Identical components to those in Fig. 14 are denoted 
by the same reference numerals and will not be de- 
scribed here. The TFT substrate shown in Fig. 14 is 
disposed parallel to an opposite substrate 621 with a 
liquid crystal material 611 sealed between the two 
substrates. A spacer 724 is provided so that the liquid 
crystal material 611 is maintained at a thickness de- 
signed in consideration of optical characteristics of 
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the liquid crystal. A transparent common electrode 
625 common to all the pixels or the pixels for each row 
is disposed in a position opposite to pixel electrodes 
603 for applying a voltage to the liquid crystal. Since 
this embodiment is adapted for a full-color display 
panel, color filters 623 formed of dyes or pigments are 
arranged on the opposite substrate 621 , whereas the 
remaining portions between the pixels and above per- 
ipheral driving circuits are shielded against light by a 
black matrix 622. The liquid crystal material 611 is 
preferably of a TN (Twist-Nematic) liquid crystal, but 
may be of an STN (Super Twist-Nematic) liquid crys- 
tal, an FLC (Ferroelectric Liquid Crystal), or a PDLC 
(Polymer-Diffused Liquid Crystal) from the structural 
viewpoint In the case of using a TN or STN liquid 
crystal or an FLC, polarizing plates are required to be 
disposed above and below the display device in the 
crossed Nichol state. A backlight necessary for dis- 
play may be irradiated from above or below as viewed 
in Fig. 15. To sufficiently shield light, the backlight is 
advantageously irradiated from above in the struc- 
ture of this embodiment. Film arrangements in the 
display area shown in Fig. 14 include inventive meas- 
ures below for the purpose of improving panel char- 
acteristics of this embodiment. 

(i) Measure for minimizing reflection of light 
caused by differences in refractive Index be- 
tween a film and adjacent films above and below 
it Generally, as shown in Fig. 20, when layers 
1301, 1302, 1303 and 1304 having different re- 
fractive indexes are superposed one above an- 
other, light is reflected by each interface between 
the adjacent layers. It is known that the reflection 
is minimized by properly selecting refractive in- 
dexes n 1f n 2 , n 3 and thicknesses d 1( d 2 , d 3 of the 
layers 1302, 1303, 1304. It was found that an op- 
timum condition for the layer 1 304 is n^ = U A XI2 
(where is a natural number, not 0). If thickness- 
es of the layers can be determined independently 
of each other, optimum conditions for the other 
layers are likewise given by: 

n 2 d 2 = N 2 X/2 
n 3 d 3 = N 3 X72 
(where N 2 and N 3 are both natural numbers, not 
0) The wavelength X of light is preferably selected 
to, e.g., 550 nm at which relative visibility of the 
human eyes is maximum. The silicon nitride film 
102 formed by the thermal CVD process and the 
silicon nitride film 109 formed by the plasma CVD 
process, which are used in this embodiment and 
hence in the Embodiment 3, each had the refrac- 
tive index of n = 2.0. Given X = 550 nm, the film 
thickness is expressed below from the above 
equation: 

d = N x 550/(2 x 2.0) = N x 137. 5 (nm) 
In this embodiment, the silicon nitride film 102 
formed by the thermal CVD process was set to a 
thickness of 400 nm near 412.5 nm correspond- 



ing to N = 3, and the silicon nitride film 109 
formed by the plasma CVD process was set to a 
thickness of 270 nm near 275 nm corresponding 
to N = 2. Even if an error from the calculated value 
5 is on the order of 1 0 % , the effect of suppressing 

the reflection is sufficiently developed. Also, N 
may be set to an other suitable value than the 
above design values in this embodiment 
(ii) Measure for optimizing tension of a mem- 
10 brane: Tension of a membrane is determined by 

balance between compressive stresses and ten- 
sile stresses developed in respective films com- 
prising the membrane with respect to the silicon 
substrate. In the film arrangements of this env 
15 bodiment the LOCOS oxide film 702 produces 

maximum compressive stress such an extent 
that it causes a warp of 45 jim even for a 5-inch 
wafer when the film thickness is 800 nm, for ex- 
ample. On the other hand, the silicon nitride film 
20 formed by the thermal CVD process produces 

maximum tensile stress such an extent that it 
causes a warp of 60 ^im when the film thickness 
is 400 nm, for example. Since a total warp of the 
other films is about 15 nm due to compressive 
25 stress, a total warp of all the films becomes about 

0 nm. Taking into account a reduction in the thick- 
ness of the LOCOS oxide film caused when the 
silicon is partly removed by etching, slight tensile 
stress finally remains so that the membrane is 
30 held under highly reliable tension. Of course, de- 

sign values are not limited to the above ones 
shown by way of example, but the thickness of 
the LOCOS oxide film may be changed within the 
range of 200 to 1500 nm and the thickness of the 
35 nitride film may be changed within the range of 

10 to 60 nm as a matter of design choice. 
With this embodiment, a liquid crystal display de- 
vice having the larger number of gradation steps and 
a higher contrast ratio than conventional was ob- 
40 tained. Particularly, because of a single crystal sili- 
con substrate of high quality being used to form driv- 
ing circuits, not only a reduction in size of the display 
device, but also an improvement in yield were ach- 
ieved. Further, a display device having an increased 
45 yield of the membrane manufacture steps, high reli- 
ability, high transmissivity by virtue of reduced reflec- 
tion of light, and high display quality was provided. 

(Embodiment 8) 

50 

This embodiment is to construct a reflection type 
liquid crystal display device using an active matrix 
substrate shown in Fig. 16. The active matrix sub- 
strate shown in Fig. 16 is similarly structured to the 
55 substrate shown in Fig. 14 except that the former sub- 
strate has no portion hollowed or partly removed by 
etching, and includes an opaque metal electrode 908 
for reflecting incident light. 909 is a silicon nitride film 
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which is formed by the plasma CVD process and dou- 
bles as a passivation film here. A reflection type liquid 
crystal display device as shown in Fig. 17 was man- 
ufactured by using the active matrix substrate thus 
structured. Unlike the transmission type liquid crystal 
display device shown in Fig. 15, the liquid crystal dis- 
play device shown in Fig. 17 has no hollowed portion 
through which incident light transmits, and reflects 
the incident light by the opaque metal electrode 908 
for displaying an image. In Fig. 17, 911 is a liquid crys- 
tal and 912 is a polarizer. In this embodiment, a liquid 
crystal panel was manufactured by using a TN type 
as the liquid crystal, and the incident light was con- 
densed by using a polarizing beam splitter to display 
an image. The resulting image was superior in having 
the increased number of gradation steps and a higher 
contrast ratio. 

(Embodiment 9) 

A liquid crystal display device was manufactured 
by omitting the polarizer 912 from the liquid crystal 
display device shown in Fig. 17. Then, in this embodi- 
ment, a liquid crystal panel was manufactured by us- 
ing a PDLC (Polymer-Diffused Liquid Crystal) as the 
liquid crystal, and an image was displayed by using 
a Schlieren optical system. The resulting image was 
superior in having the increased number of gradation 
steps and a higher contrast ratio. 

(Embodiment 10) 

A projection type liquid crystal display device was 
manufactured by combining each of the liquid crystal 
display devices shown in Figs. 15 and 17 with a mag- 
nifying optical system. A superior image was also ob- 
tained in this embodiment. 

(Embodiment 11) 

A so-called spectacle type liquid crystal display 
device was manufactured by assembling each of the 
liquid crystal display devices shown in Figs. 1 5 and 1 7 
in spectacles. The manufactured display device was 
able to display the same image in both right and left 
panels, or a stereoscopic image by the right and left 
panels. An image obtained in this embodiment was 
good. 

(Embodiment 12) 

A schematic view of a liquid crystal display panel 
of this embodiment is shown in Fig. 10. A panel dis- 
play circuit 305 including, as switching elements, p- 
SiTFTs arrayed in a matrix pattern is connected to a 
vertical shift register 303 and a horizontal shift regis- 
ter 304. TV video signals supplied from a video signal 
circuit 301 are written into pixels in the display circuit 



305 through the vertical shift register 303 and the hor- 
izontal shift register 304. Denoted by 302 is a synch 
circuit for establishing the timed relationship between 
the two shift registers 303 and 304. 

5 An equivalent circuit of the liquid crystal panel is 

shown in Fig. 23. Pixel electrodes 406 are arranged 
in one-to-one relation to intersections between a plur- 
ality of signal lines 401 A to 401 D and a plurality of 
scan lines 402A to 402D, and a TFT 403 is connected 

10 at its drain to each of the pixel electrodes 406. The 
signal lines 401 A to 401 D are connected to respective 
sources of the TFTs 403 for each column, and the 
scan lines 402A to 402D are connected to respective 
gates of the TFTs 403 for each row. Video signals sup- 

15 plied through the signal lines 401 A to 401 D are written 
into the pixel electrodes 106. The drain of each TFT 
403 is also connected to one electrode of a hold ca- 
pacity 404 for holding the written charge for a suffi- 
ciently long period of time. The other electrode termi- 

20 nal 405 of the hold capacity 404 is connected to a po- 
tential common to all the pixels or the pixels for each 
row. While this embodiment is described in connec- 
tion with the liquid crystal display device of the so-cal- 
led active matrix type using TFTs, the present inven- 

25 tion is not limited to this type of display device, but 
also applicable to liquid crystal display panels of the 
simple matrix type using, for example, MIM devices 
or PN junction devices arranged in one-to-one rela- 
tion to the intersections between the signal lines and 

30 the scan lines. 

Fig. 24 schematically shows a plan structure of 
a pixel portion. One pixel is surrounded by two signal 
lines 501 A, 501 B adjacent to each other and two scan 
lines 502A, 502B adjacent to each other. The source 

35 of the TFT formed of a polycrystalline silicon film 503 
is connected to the signal line 501 Athrough a contact 
hole 504 for writing signal charges into the drain of the 
TFT through two gates. 505 is a contact for intercon- 
necting the TFT and a metal electrode 506, and the 

40 metal electrode 506 is connected to a transparent pix- 
el electrode 508 via a through-hole 507. In Fig. 24, 
509 is an opening in a light shielding film which pre- 
vents unwanted light from entering the TFT. 

Fig. 25 is a sectional view taken along line 25 - 25 

45 in Fig. 24. Referring to Fig. 25, a silicon nitride film 
102 is coated on the silicon or quartz substrate 101. 
A silicon oxide film 202 of 10 to 100 nm is formed on 
the silicon nitride film 102 to separate the TFT from 
the silicon nitride film 102. The TFT has low-concen- 

50 tration n-type layers 107 for relieving an electric field 
and a high-concentration source/drain 103 which are 
in opposite relation to two polysilicon gate electrodes 
106 with the intervention of a gate oxide film 105 
therebetween. The source and drain electrodes 108 

55 each comprise a laminated film of an Al film 1 08Aand 
a Ti film 108B for easier ohmic connection to a pixel 
electrode 603. Alight shielding film 602 is formed of, 
e.g., a TiN film and is separated from the source and 

12 
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drain electrodes with the intervention of, e.g., a PSG 
film 601 therebetween and from the TFT with the in- 
tervention of, e.g., a BPSG film 106" therebetween. 
610 is an orienting film formed of, e.g., a PIQ film for 
orienting a liquid crystal. An active matrix substrate is s 
made up by the above-mentioned components start- 
ing from the substrate 101 and ending at the orienting 
film 610 shown in Fig. 25. ATN liquid crystal 611 is 
held between the active matrix substrate and an op- 
posite substrate 621 on an undersurface of which an 10 
orienting film 626, a protection film 625 and a trans- 
parent electrode 624 are provided as shown. Further, 
a color filter 623 formed of pigments, for example, is 
disposed corresponding to an opening in the light 
shielding film 602, and a black matrix 622 formed of 1 5 
Cr, for example, is disposed corresponding to the re- 
maining portion of the light shielding film 602. 

Fig. 22 shows a section of the liquid crystal dis- 
play panel of this embodiment, including a pixel dis- 
play area and a peripheral driving circuit portion. Re- 20 
ferring to Fig. 22, 701 is a silicon substrate, 702 is a 
thick oxide film (field oxide film) for device separa- 
tion, 703A is a low-concentration source/drain of an 
NMOS transistor, and 703B is a high-concentration 
source/drain of the NMOS transistor. 704 is a p-type 25 
well of the NMOS transistor and 706 is a polysilicon 
gate electrode. 720 is a support comprising substrate 
silicon, and 721 is a transparent area where the sub- 
strate silicon is etched away and which becomes a 
display portion (pixel display area) of the panel. The 30 
TFT substrate (semiconductor substrate) shown in 
Fig. 22 is disposed parallel to an opposite substrate 
621 with a liquid crystal material 611 sealed between 
the two substrates. A spacer 724 is provided so that 
the liquid crystal material 611 is maintained at a thick- 35 
ness designed in consideration of optical characteris- 
tics of the liquid crystal. A transparent common elec- 
trode 625 common to all the pixels or the pixels for 
each row is disposed in a position opposite to pixel 
electrodes 603 for applying a voltage to the liquid 40 
crystal. Since this embodiment is adapted for a full- 
color display panel, color filters 623 formed of dyes or 
pigments are arranged on the opposite substrate 
621 , whereas the remaining portions between the pix- 
els and above peripheral driving circuit portions are 45 
shielded against light by a black matrix 622. The liquid 
crystal material 611 is preferably of a TN (Twist- 
Nematic) liquid crystal, but may be of an STN (Super 
Twist-Nematic) liquid crystal, an FLC (Ferroelectric 
Liquid Crystal), or a PDLC (Polymer- Diffused Liquid so 
Crystal) from the structural viewpoint. In the case of 
using a TN or STN liquid crystal or an FLC, polarizing 
plates are required to be disposed above and below 
the display device in the crossed Nichol state. A back- 
light necessary for display may be irradiated from 55 
above or below as viewed in Fig. 22. 

Fig. 21 schematically shows the vicinity of a por- 
tion of the TFT substrate (semiconductor substrate) 



shown in Fig. 22 where the silicon is removed. Refer- 
ring to Fig. 21, 1 is a Si substrate, 2 is a SiN film 
formed by the reduced-pressure CVD process, 3 is a 
field oxide film, and 4 is an end position of the portion 
of the TFT substrate (semiconductor substrate) 
where the Si substrate 1 has been partly etched away 
to form a transparent pixel display area. 5 denotes a 
portion at which the field oxide film 3 terminates in a 
bird's beak shape, as shown in Fig. 21, when it is 
formed by the LOCOS process. 6 denotes an end of 
the SiN film 2 formed by the reduced- pressure CVD 
process, and 7 denotes a thin oxide film. Generally, 
the field oxide film 3 is a film having compressive 
stress and hence would cause a slack if it is not lam- 
inated with another film having tensile stress. In this 
embodiment, therefore, a film having tensile stress, 
i.e., the SiN film 2 formed by the reduced- pressure 
CVD process is disposed adjacent to the field oxide 
film 3, as shown in Fig. 21, for relieving the moment 
applied to the field oxide film 3. Meanwhile, from the 
necessity of forming a peripheral circuit, the field ox- 
ide film 3 having compressive stress must be termin- 
ated anywhere. Accordingly, as shown in Fig. 21, the 
end 6 of the SiN film 2 formed by the reduced-pres- 
sure CVD process is positioned outwardly of the end 
position 4 of the portion where the Si substrate 1 has 
been partly etched away. Note that, though not 
shown, a peripheral driving circuit is provided below 
the end 6 of the SiN film 2. If the end 6 of the SiN film 
2 is positioned inwardly of the end position 4 of the re- 
moved portion of the Si substrate 1 conversely to the 
above, tensile stress of the SiN film 2 would act 
through the field oxide film 3 having compressive 
stress and, hence, the film laminated on the field ox- 
ide film 3 would become hard to properly tense. In this 
embodiment, as seen from Fig. 21, the end 6 of the 
SiN film 2 is positioned outwardly of the terminated 
position 5 of the field oxide film 3 so that the end 6 of 
the SiN film 2 is positioned as close as possible to the 
Si substrate 1. As a result of manufacturing a liquid 
crystal display panel using such a semiconductor 
substrate, the laminated films were held under proper 
tension and showed the good mechanical strength. In 
addition, the panel was able to display a high-quality 
image stably for a long period of time. 

(Embodiment 13) 

A thirteenth embodiment will be described with 
reference to Figs. 26 and 27. Fig. 26 schematically 
shows part of a semiconductor substrate. As with Fig. 
21 , in Fig. 26, 1 is a Si substrate, 2 is a SiN film formed 
by the reduced-pressure CVD process, 3 is afield ox- 
ide film, and 4 is an end position of the portion of the 
TFT substrate (semiconductor substrate) where the 
Si substrate 1 has been partly etched away to form a 
transparent pixel display area. 5 denotes a portion at 
which the field oxide film 3 terminates. 6 denotes an 
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end of the SiN film 2 formed by the reduced-pressure 
CVD process, and 7 denotes a thin oxide film. Fur- 
ther, 3' is a field oxide film and 8 is an edge of the field 
oxide film 3*. Fig. 27 is a plan view of Fig. 26 as viewed 
from above. The same reference numerals denote 
identical components to those in Fig. 26. In this em- 
bodiment, a film having tensile stress, i.e., the SiN 
film 2 formed by the reduced-pressure CVD process 
is disposed such that its end 6 extends over the field 
oxide film 3* beyond the thin oxide film 7. This struc- 
ture enabled the two films 2 and 3 (3 f ) to be posi- 
tioned adjacent to the Si substrate 1 without causing 
edge damages. As a result, the field oxide films 3, 
3' and the SiN film 2 were held under proper tension 
and good stability. A liquid crystal display panel was 
manufactured by using the thus-constructed semi- 
conductor substrate in a like manner to the above Em- 
bodiment 12. The resulting display panel was super- 
ior and able to display a high-quality image stably for 
a long period of time. 

(Embodiment 14) 

A fourteenth embodiment will be described with 
reference to Fig. 28. Fig. 28 schematically shows ar- 
rangements of a thin film transistor (TFT), a pixel 
electrode, wirings and so on which are formed the 
semiconductor substrate shown in Fig. 26. Referring 
to Fig. 28, 901 is a channel portion of the TFT, 902 is 
an interlayer insulating layer, and 903 is a pixel elec- 
trode (ITO). 904 is a low-concentration source/drain 
layer close to a gate, 906 is a gate, and 907 is a 
source/drain. 908A is an AISi wiring layer, 908B is a 
Ti or TiN layer, and 909, 910 are interlayer insulating 
layers. 911 is a metal layer disposed to shield light en- 
tering the TFT and to establish a capacity between it- 
self and the ITO 903. The other components denoted 
by the same reference numerals as those in Fig. 26 
are the same as those in Fig. 26. In this embodiment, 
the SiN film 2 having tensile stress is disposed on the 
TFT. With the arrangement of this embodiment, since 
the SiN film 2 is formed over a wider area, it is easy 
to fix the SiN film 2 in the peripheral driving circuit 
area. Aliquid crystal display panel was manufactured 
by using the thus-constructed semiconductor sub- 
strate in a like manner to the above Embodiment 12. 
The resulting display panel was superior and able to 
display a high-quality image stably for a long period 
of time. The technique described in this embodiment 
can be applied to not only liquid crystal display devic- 
es, but also other devices which are manufactured by 
partly removing Si substrates, such as pressure sen- 
sors and acceleration sensors. 

(Embodiment 15) 

Af ifteenth embodiment will be described with ref- 
erence to Fig. 29. Fig. 29 schematically shows part of 



a semiconductor substrate with a pixel electrode, wir- 
ings and so on omitted. In Fig. 29, components denot- 
ed by the same reference numerals as those in Fig. 
26 or 28 are the same as those in Fig. 26 or 28. In this 

s embodiment, a SiN film 2 formed by the reduced- 
pressure CVD process is disposed under the TFT, but 
a SiN film 1002 formed by the reduced-pressure CVD 
process is left on a field oxide film 3. While an end 6 
of the SiN film 2 appears as being terminated at the 

10 illustrated position in Fig. 29, the SiN film 2 is actually 
spread over other section areas like mesh for reliev- 
ing stress to increase stability. Further, as indicated 
by 1001, a gate of a peripheral circuit is formed on the 
field oxide film 3 and the SiN film 2. This structure in- 

15 creases an effective threshold value of a field MOS 
so that a high-concentration impurity layer which is 
usually formed as a channel stop layer in a region 
1 003 may be dispensed with. Thus, this embodiment 
enabled the MOS structure having higher resistance 

20 to be produced by simplified manufacture steps. Aliq- 
uid crystal display panel was manufactured by using 
the thus-constructed semiconductor substrate in a 
like manner to the above Embodiment 12. The result- 
ing display panel was superior and able to display a 

25 high-quality image stably for a long period of time. 
Consequently, this embodiment can provide a display 
device which has the good mechanical strength and 
can stably display a high-quality image. 

30 

Claims 

1. A display device comprising a liquid crystal held 
between an active matrix substrate made up by 

35 arranging thin film transistors thereon, each us- 

ing polycrystalline silicon as a semiconductor lay- 
er, in one-to-one relation to intersections be- 
tween a plurality of signal lines and a plurality of 
scan lines, and an opposite substrate opposed to 

40 said active matrix substrate, wherein said active 

matrix substrate is comprised of a film having 
tensile stress disposed at least below or above 
said semiconductor layer. 

45 2. A display device according to claim 1, wherein 
said film having tensile stress is formed of silicon 
nitride. 

3. A display device according to claim 2, wherein 
50 said nitride silicon is formed by the plasma CVD 

process. 

4. A display device according to claim 1, wherein 
said film having tensile stress is disposed below 

55 a wiring layer for making up said signal line or said 

scan line which is in the lowermost position with 
respect to a layer of said liquid crystal layer as a 
reference. 
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5. A display device according to claim 1, wherein 
said film having tensile stress is a film for sup- 
pressing diffusion of hydrogen. 

6. A display device according to claim 5, wherein 
said active matrix substrate includes a first film 
for suppressing diffusion of hydrogen and a sec- 
ond thin film for supplying hydrogen to said poly- 
crystalline silicon, said first film and said second 
film being positioned one above the other with 
the intervention of said polycrystalline silicon 
therebetween. 

7. A display device according to claim 6, wherein 
said first film and said second film are each 
formed of silicon nitride. 

8. A display device according to claim 6, wherein 
said second film has compressive stress for sili- 
con. 

9. A display device according to claim 1, wherein 
said active matrix substrate includes a glass or 
quartz substrate. 

10. A display device according to claim 1, wherein 
said active matrix substrate includes a single 
crystal silicon substrate. 

11. A display device according to claim 10, wherein 
part of said single crystal silicon substrate is re- 
moved to provide a light transmissive substrate. 

12. A display device according to claim 10, wherein 
said active matrix substrate includes a scanning 
circuit and part of said scanning circuit is made up 
by switching devices each using single crystal sil- 
icon as a semiconductor layer. 

13. A display device according to claim 6, wherein 
said first film and said second film meet the re- 
lationships below on an assumption that said first 
film and said second film have optical refractive 
indexes n 1( n 2 and thicknesses d 1f d 2 , respective- 
ly, and the wavelength of light is X: 

r\^ = N! XI2 

n 2 d 2 = N 2 X72 
(where N t and N 2 are both natural numbers, not 
0) 

14. A display device according to claim 1, wherein an 
image is displayed with transmission of incident 
light. 

15. A display device according to claim 1, wherein an 
image is displayed with reflection of incident light. 

16. A display device according to claim 1 , wherein an 



image is displayed with incident light projected 
onto a screen. 

17. A display device according to claim 1, wherein 
5 said device is assembled in spectacles. 

18. A display device according to claim 1, said device 
comprising a liquid crystal held between a semi- 
conductor substrate, which has pixel electrodes 

10 arranged in one-to-one relation to intersections 

between a plurality of signal lines and a plurality 
of scan lines, has driving circuits provided in per- 
ipheral portions of said pixel electrodes for driv- 
ing said respective pixel electrode, and is partly 

15 removed in portions below pixel display areas 

where said pixel electrodes are provided, allow- 
ing light to transmit through said semiconductor 
substrate to enter said pixel display areas, and an 
opposite substrate opposed to said active matrix 

20 substrate, wherein a field oxide film is provided 

beiow each of said pixel display areas of said 
semiconductor substrate so as to extend toward 
the peripheral portion where said driving circuit is 
provided, the removed part of said semiconductor 

25 substrate is positioned inwardly of a position at 

which said field oxide film terminates, and said 
film having tensile stress is disposed in the per- 
ipheral portion where said driving circuit is provid- 
ed. 

30 

19. A manufacture method for a display device com- 
prising a liquid crystal held between an active 
matrix substrate made up by arranging thin film 
transistors thereon, each using polycrystalline 

35 silicon as a semiconductor layer, in one-to-one 

relation to intersections between a plurality of 
signal lines and a plurality of scan lines, and an 
opposite substrate opposed to said active matrix 
substrate, wherein said active matrix substrate is 

40 made up by arranging a film having tensile stress 

at least below or above said semiconductor layer. 

20. A semiconductor device comprising a thin film 
transistor having a semiconductor layer of, forex- 

45 ample, polycrystalline silicon disposed adjacent 
a tensile layer. 

21. A semiconductor device, for example a thin film 
transistor, having a semiconductor layer of, for 

50 example, polycrystalline silicon disposed be- 

tween a hydrogen providing layer and a hydrogen 
diffusion inhibiting layer. 

22. An imaging device such as a display device com- 
55 prising a semiconductor device in accordance 

with claim 20 or 21. 
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